Methodology  for  Dynamic  Characterization  of 
Fragmenting  Warheads 


by  Jason  Angel 


ARL-SR-179 


May  2009 


Approved  for  public  release;  distribution  is  unlimited. 


NOTICES 

Disclaimers 

The  findings  in  this  report  are  not  to  be  construed  as  an  official  Department  of  the  Army  position  unless 
so  designated  by  other  authorized  documents. 

Citation  of  manufacturer’s  or  trade  names  does  not  constitute  an  official  endorsement  or  approval  of  the 
use  thereof. 


Destroy  this  report  when  it  is  no  longer  needed.  Do  not  return  it  to  the  originator. 


Army  Research  Laboratory 

Aberdeen  Proving  Ground,  MD  21005-5069 


ARL-SR-179 


May  2009 


Methodology  for  Dynamic  Characterization  of 
Fragmenting  Warheads 

Jason  Angel 

Weapons  and  Materials  Research  Directorate,  ARL 


Approved  for  public  release;  distribution  is  unlimited. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering 
and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  the  burden,  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson 
Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to 
comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  control  number. 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 

13.  SUPPLEMENTARY  NOTES 


14.  ABSTRACT 

Fragmentation  is  characterized  by  a  static  arena  test.  In  this  test,  fragmentation  data  are  assembled  in  a  Z-data  file,  which 
serves  as  input  to  lethality  models  and  includes  the  velocity  and  angle  of  inclination  of  the  warhead  to  estimate  the  lethal  area  of 
fragmentation.  In  this  report,  a  new  method  to  confirm  the  Z-data  file  and  the  lethality  methodology  is  proposed.  As  a  test 
case,  the  105 -mm  high-explosive  plastic  round  was  used.  This  round  is  a  direct-fire  projectile  and  was  evaluated  in  both  the 
dynamic  and  static  modes.  This  projectile  has  a  Z-data  file  that  is  well  defined.  In  the  test,  metallic  witness  panels  were  placed 
in  semi-circular  patterns  around  the  proposed  burst  location  of  the  projectile.  The  impacts  on  the  witness  panels  were  then 
compared  to  the  average  number  of  impacts  expected  based  on  the  Z-data  file.  The  method  added  data  needed  to  confirm  the 
Z-data  file  in  dynamic  tests  prior  to  fielding  and  also  raised  possible  issues  about  the  overall  lethality  models  when  using  the 
current  Z-data  files. _ 

15.  SUBJECT  TERMS 

fragmenting  warhead,  Z-data  file,  dynamic  event,  fragment  distribution,  high  explosive 

17.  LIMITATION  18.  NUMBER 
OF  ABSTRACT  OF  PAGES 


UU  20 

Standard  Form  298  (Rev.  8/98) 

Prescribed  by  ANSI  Std.  Z39.18 


16.  SECURITY  CLASSIFICATION  OF: 


a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

Unclassified 

Unclassified 

Unclassified 

19a.  NAME  OF  RESPONSIBLE  PERSON 

Jason  Angel _ 

19b.  TELEPHONE  NUMBER  ( Include  area  code) 

410-278-0600 


1 .  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE 

May  2009  Final 

4.  TITLE  AND  SUBTITLE 

Methodology  for  Dynamic  Characterization  of  Fragmenting  Warheads 


6.  AUTHOR(S) 

Jason  Angel 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Research  Laboratory 
ATTN:  AMSRD-ARL-WM-TC 
Aberdeen  Proving  Ground,  MD  21005-5069 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


3.  DATES  COVERED  (From  -  To) 

February  2007-September  2007 

5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 


5c.  PROGRAM  ELEMENT  NUMBER 


5d.  PROJECT  NUMBER 

7884G1 

5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

ARL-SR-179 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 


11 


Contents 


List  of  Figures  iv 

1.  Introduction  1 


Distribution  List 


13 


iii 


List  of  Figures 


Figure  1.  Outline . 3 

Figure  2.  Background/issues . 3 

Figure  3.  GMLRS  as  an  example . 4 

Figure  4.  Approach . 4 

Figure  5.  Test  articles . 5 

Figure  6.  Test  overview . 5 

Figure  7.  Test  results  (static) . 6 

Figure  8.  Test  results  (dynamic) . 6 

Figure  9.  Phase  1  test  results . 7 

Figure  10.  Phase  2  test  results . 7 

Figure  11.  Data  reduction . 8 

Figure  12.  Predicted  fragmentation . 8 

Figure  13.  Statistical  analysis  (static) . 9 

Figure  14.  Statistical  analysis  (static  correlation) . 9 

Figure  15.  Statistical  analysis  (dynamic) . 10 

Figure  16.  Statistical  analysis  (dynamic  correlation) . 10 

Figure  17.  Summary . 11 

Figure  18.  Conclusions . 11 

Figure  19.  Bottom  line . 12 


IV 


1.  Introduction 


Current  fragmenting  warheads  are  characterized  by  a  standardized  Joint  Munitions 
Effectiveness  Manual  (JMEM)1  procedure.  This  procedure  collects  fragmentation  data 
from  a  static  test  and  produces  a  Z-data  file.  The  Z-data  file  describes  the  fragmentation 
in  polar  zones  by  placing  the  number  of  fragments  into  separate  mass  categories  and 
determining  the  overall  velocity  and  shape  characteristics.  This  Z-data  is  then  combined 
with  impact  conditions  such  as  velocity,  orientation,  angle,  etc.,  to  estimate  the  direction 
and  velocity  of  the  fragments.  This  is  a  statistical  event,  making  it  difficult  to  confirm  or 
refute  the  results  in  a  “live-fire”  or  dynamic  event.  Current  practice  is  to  accept  the 
results  from  the  JMEM  testing  and  assume  the  translation  to  a  dynamic  event  is  correct, 
often  without  any  additional  experimentation  until  the  live-fire  evaluation.  In  the  live- 
fire  evaluation,  mannequins  are  typically  set  in  the  target  area  and  are  assessed  for  their 
level  of  incapacitation.  This  procedure  does  not  produce  any  statistical  evidence  of  the 
fragment  spray  because  typically  a  limited  number  of  mannequins  are  placed 
intermittently  within  the  target  area. 

For  the  typical  live-fire  evaluation  of  a  direct-fire  projectile  against  a  specific  target,  e.g., 
the  M829  round  vs.  the  T72  tank,  the  process  has  many  deterministic  results.  For  a  given 
impact  location  on  the  target,  preshot  predictions  of  the  event  are  made,  which  consist  of 
several  deterministic  events.  Examples  include  the  following  factors: 

•  Does  the  projectile  perforate  the  armor? 

•  What  does  the  residual  projectile  impact  inside  the  target? 

•  What  does  the  spall  impact  inside  the  target? 

•  What  is  the  damage  to  the  components  impacted? 

Given  these  results,  the  overall  probability  of  kill  can  be  assessed.  After  the  event,  these 
results  can  be  assessed  using  the  exact  impact  location  to  answer  the  same  questions. 
Although  the  spall  is  a  statistical  event,  most  of  the  other  assessments  are  more 
deterministic  and  can  be  reviewed.  For  bursting  munitions,  the  entire  event  is  statistical, 
so  the  results  are  probabilistic  and  cannot  be  determined  exactly  to  ascertain  whether  or 
not  the  fragmentation  is  behaving  as  expected  based  on  the  data  currently  collected. 

This  evaluation  proposes  a  new  method  of  collecting  the  fragmentation  data  in  a  dynamic 
event  to  provide  a  better  representation  of  the  entire  fragment  spray  that  would  help  to 


1  Headquarters,  Department  of  the  Army.  Testing  and  Data  Reduction  Procedures  for  High-Explosive  Munitions, 
Revision  2.  In  Joint  Munitions  Effectiveness  Manual ;  FM- 101 -5 1-3;  Washington,  DC,  May  1989. 
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confirm  or  refute  the  Z-data  file  and/or  define  if  there  are  any  extraordinary 
circumstances  for  the  warhead  in  the  dynamic  mode  (see  figures  1-19). 

The  methodology  will  allow  the  program  managers  (PMs),  users,  and  evaluators  a  better 
technique  to  show  that  the  warhead  is  performing  as  expected  in  the  dynamic  event. 

Upon  completing  these  evaluations,  the  PM  can  confirm  the  results  for  the  lethality  and 
collateral  damage  with  much  more  confidence  than  previously  possible  from  using  only 
the  JMEM  data.  The  final  analysis  will  correlate  the  data  from  the  JMEM  tests  and  the 
actual  impact  conditions  of  the  warhead  to  the  results  obtained  from  the  actual  dynamic 
event  to  demonstrate  that  the  warhead  is  indeed  performing  as  expected.  Therefore,  the 
estimates  of  lethality  and  collateral  damage  will  be  developed  with  greater  confidence 
than  previously  obtained. 

This  methodology  is  applicable  to  any  fragmenting  warhead  evaluation.  Currently,  it  has 
been  proven  beneficial  to  several  systems  including  the  Guided  Multi-Launch  Rocket 
System-Unitary  (GMLRS-U)  version,  the  precision-guided  mortar  munition,  the 
Excalibur  artillery  round,  and  the  105-mm  high-explosive  plastic  (HEP)  projectile. 

The  PM  for  the  105-mm  HEP  projectile  has  agreed  to  furnish  M393E3  warheads  for  the 
evaluation.  The  105-mm  HEP  munition  has  been  in  the  inventory  since  the  1940s.  It  is 
currently  used  as  a  wall-breaching  munition,  and  there  is  a  well-defined  Z-data  file  for 
this  munition.  The  105-mm  HEP  is  a  direct- fire  munition,  so  it  will  be  ideal  to  prove  the 
methodology. 

The  purpose  of  these  evaluations  is  to  define  the  dynamic  fragment  spray  of  the  warheads 
so  no  specific  targets  will  be  used.  Instead,  metallic  witness  panels  will  be  placed  in  an 
array  around  the  attended  impact  area.  The  project  will  be  conducted  by  the  Weapons 
Materials  Research  Directorate  of  the  U.S.  Army  Research  Laboratory,  and  the  test  will 
be  conducted  at  the  U.S.  Army  Aberdeen  Test  Center  by  the  large-caliber  test  team.  Both 
phases  will  produce  a  comparison  of  the  existing  Z-data  modeled  as  a  dynamic  event  and 
the  actual  fragmentation  spray  from  a  dynamic  event. 
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OUTLINE 


BOTTOM  LINE  UP  FRONT 


1  -  PROPOSED  METHOD  TO  ASSESS  FRAGMENTATION 

FOR  DYNAMIC  EVENT 

2  -  QUESTIONING  EXISTING  METHODOLOGY  FOR 

FRAGMENTATION  LETHALITY 


•  Background/Issues 

•  Approach 

•  Test  Setup 

•  Results/Discussion 

•  Conclusions 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  1.  Outline. 
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BA  CKGR  O  UND/ISS  UES 


CURRENT  METHOD  TO  ASSESS  FRAGMENTATION. 


Static  arena  test 

•  Statistical  representation  of  the  fragmentation 

•  Fragmentation  file  (Z-data  file) 


Lethality  models  use  Z-data  and  dynamic  impact  conditions 

•  Impact  velocity,  orientation,  etc. 

•  Predict  number  of  impacts  on  personnel 

•  Determine  probability  of  incapacitation,  Pj 


•  Currently  no  method  to  correlate  to  dynamic  testing  (just  a 
probability  of  achieving  a  level  of  incapacitation) 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  2.  Background/issues. 
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*  GMLRS  as  an  EXAMPLE 


•  Z-data  file  established 

•  Pj  for  impact  condition  computed 

•  Performed  dynamic  event 

•  Mannequins  assessed  for  lethality 

•  All  personnel  fell  within  bands  (Pj  +/-) 

ISSUE  -  no  statistical  correlation  to  fragment  spray 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  3.  GMLRS  as  an  example. 


•  Demonstrate  method  to  collect  fragmentation  data  in  a  dynamic 
event  to  produce  higher  statistical  confidence  in  results 


•  Evaluation  concept: 

•  Use  warhead  with  well-established  Z-data  file 

•  Collect  fragment  spray  via  metallic  witness  panels  located  in  an 
arena  arrangement 

•  Compare  perforations  in  the  panels  from  the  detonated 
warheads  to  those  predicted  using  the  static  arena  file 

•  Static  event  -  no  projectile  velocity  (serves  as  a  baseline) 

•  Dynamic  event  -  incoming  velocity  will  be  applied 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  4.  Approach. 
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TEST  ARTICLES 


•105 -mm  HEP  round 

•  Inventory  since  1970s 

•  New  Z-data  fde  recently  produced 
•  Metallic  witness  panels 


I 


tC! 

Uk  !  Is 


Statically  detonated  from  platform 


One  side  of  panel  arrangement 
TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  5.  Test  articles. 


TEST  OVERVIEW 


Test  setup: 

•  Collect  fragmentation  with  metallic  panel  array  in  “arena” 

•  Dynamic  -  fire  105 -mm  HEP  projectile  through  wood  to  detonate 

•  Static  -  statically  detonate  HEP  projectile 

Measurements: 

•  Panel  array  surveyed  prior  to  test 

•  Photograph  panels,  use  image  software  to  record  position  of  impacts 

•  Dynamic  -  use  radar  and  video  to  determine  impact  velocity  and  location  of 

•  warhead  when  it  burst 

High  Speed  Video  Cameras 

^  V  n  ^ 

G  #2 


1  ~f 


13-25“ 

Panel  array  &  camera  configuration 


1/32”  Mild  Steel  Panels 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  6.  Test  overview. 
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Figure  8.  Test  results  (dynamic). 
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Test 

Number 

Detonation 

Condition 

Velocity 

Muzzle/Striking 

(m/s) 

Test  Objective 

Result 

1 

Dynamic 

LOST 

Verify  fuze  function  on  the  selected  target  material 

Proper  fuze  function 

2 

Dynamic 

759  /  746 

Verify  fuze  function  on  the  selected  target  material 

Proper  fuze  function 

3 

Dynamic 

763/751 

Collect  dynamic  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

4 

Dynamic 

758  /  744 

Collect  dynamic  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

5 

Dynamic 

758  /  747 

Collect  dynamic  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

7 

Dynamic 

754  /  744 

Collect  dynamic  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

8 

Dynamic 

762  /  749 

Collect  dynamic  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

9 

Static 

N/A 

Collect  static  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

11 

Static 

N/A 

Collect  static  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

All  evaluated  at  90°  attack  angle  and  0°  azimuth 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  9.  Phase  1  test  results. 


TEST  RESULTS 


Test 

Number 

Detonation 

Condition 

Velocity 

Muzzle/Striking 

(m/s) 

Test  Objective 

Result 

2 

Dynamic 

774/761 

Collect  dynamic  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

3 

Dynamic 

761  /749 

Collect  dynamic  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

4 

Dynamic 

759  /  746 

Collect  dynamic  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

5 

Static 

N/A 

Collect  static  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

6 

Static 

N/A 

Collect  static  distribution  of  fragments  from  the  witness  panels 

Distribution  collected 

All  evaluated  at  90°  attack  angle  and  0°  azimuth 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  10.  Phase  2  test  results. 
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Figure  11.  Data  reduction. 


mimaM 


PREDICTED 
FRA  GMENTA  TION 


270  degrees 


PANELS  1- 


POLAR  ANGI  E 

180  degrees 


PANELS  13-25 


Esinrated  Frag  Fair 


PO 


0 


ACTUAL  PANEL 


LAR  ANGLE 
&  360  degrees 


POLAR  ANGLES  DEFINED 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  12.  Predicted  fragmentation. 
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Figure  13.  Statistical  analysis  (static). 
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Figure  14.  Statistical  analysis  (static  correlation). 
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STATISTICAL  ANALYSIS 
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Figure  15.  Statistical  analysis  (dynamic). 
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Figure  16.  Statistical  analysis  (dynamic  correlation). 
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SUMMARY 


•  Static  evaluation  -  good  agreement 

•  Dynamic  estimates  show  less  fragments  in  the  front  1 

Implications  of  differences  in  results 

•  Interaction  of  warhead  expansion  with  wood  during  the 

dynamic  detonation 

•  Parasitic  debris  from  warhead  is  hitting  panels  in  front  for 

dynamic  event 

•  Accuracy  of  fragment  velocities  of  Z-data  file  more  of  an 

effect  on  dynamic  event  ( may  need  a  new  format  for 
Z-data  [J-D]) 

•  Need  to  evaluate  other  warheads  under  same  controlled 

conditions  to  prove  theory 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  17.  Summary. 


•  Method  collects  data  over  a  much  larger  range  than  previously  gathered  for 

dynamic  events 

•  This  wider  area  results  in  a  much  greater  confidence  in  verifying 

performance  of  fragmenting  warhead 

•  Review  current  Z-data  (arena)  methodology 

SUGGESTIONS: 

1)  Add  metallic  witness  panels  on  “live-fire”  evaluations 

2)  Include  an  intermediate  evaluation  with  metallic  witness  panels  prior  to 
“live-fire”  evaluations 

3)  Review  fragmentation  evaluation  methodolgy 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  18.  Conclusions. 
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BOTTOM  LINE 


DEMONSTRA  TED  SIMPLE  METHOD 
THAT  VERIFIES  THE 
OVERALL  SPREAD  OF  FRAGMENTS 
IN  DYNAMIC  EVENT 

OBSERVED  ISSUES  WITH  CURRENT 
Z-DATA  FILE METHODLOGY 


QUESTIONS 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Figure  19.  Bottom  line. 
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